We assessed the prognostic value of the 'Zone-classification' which has been proposed by the Japanese Association for Lung Cancer ( JALC) for mediastinal nodal metastases in non-small cell lung cancer (NSCLC). Among 357 NSCLC patients who underwent curative surgery, 46 patients with pathological ( p) N2 disease were divided into two groups as follows: 32 patients in whom the nearer zone was involved were classified as the pN2a-1 group, and 14 patients in whom the further mediastinal node station was involved were classified as the pN2a-2 group. The proportions of patients with non-adenocarcinoma histology, with multiple station metastases with the involvement of four or more nodes, and who underwent pneumonectomy, were higher in the pN2a-2 group. The 'Zone-classification' proved to be a significant prognostic factor in a univariate analysis (the 5-year overall survival rate, 7.1% for pN2a-2 versus 21.9% for pN2a-1; P < 0.01). A multivariate analysis confirmed that pN2a-2 sub-classification (hazard ratio 2.77; P = 0.03) and undergoing pneumonectomy (hazard ratio 4.86; P < 0.01) were independent and significant factors in predicting a poor prognosis. In pN2 NSCLC patients, the involved mediastinal zone according to the primary tumour site was important in prediction of survival.
INTRODUCTION
Pathological N ( pN) 2 NSCLC is heterogeneous, and many studies have evaluated the validity of various prognostic factors among pN2 non-small cell lung cancer (NSCLC) patients in order to identify a more accurate classification system [1] [2] [3] [4] .
The seventh edition of the TNM classification revised by the International Association for the Study of Lung Cancer (IASLC) has started to be applied [4] . Following the revision of IASLC-TNM, the Japan Lung Cancer Society ( JLCS) proposed a new TNM classification. In the JLCS-TNM classification, both the TNM staging and the lymph node map are the same as those of the IASLC; however, it also described a new classification ('Zone-classification') for mediastinal nodal metastases according to the site of the primary tumour [5] .
The relationship between 'Zone-classification' and prognosis has not been explored so far. Thus, we assessed the prognostic value of the 'Zone-classification' in resected NSCLC cancer.
PATIENTS AND METHODS

Patients
Data were collected from a total of 357 lung cancer patients who underwent surgery at the University of Occupational and Environmental Health, Japan, between January 1997 and December 2002. Among them, 15 patients with double primary lung cancer were excluded. There were 252 pN 0 patients and 44 pN1 patients. Forty-six of those patients who underwent completely resected NSCLC and were diagnosed as pN 2, were retrospectively analysed. The patients who had received preoperative therapy were excluded. All patients, except one, who underwent hilar lymph-node dissection and removal of the representative mediastinal lymph nodes (ND1b), had systemically dissected regional lymph nodes (ND2a).
The lymph node classification of Naruke's map was used. Lymph node stations 1-4 of Naruke's map were grouped into the upper zone, stations 5 and 6 into the aortopulmonary zone and 8 and 9 into the lower zone, while station 7 was designated as the subcarinal zone. Patients with pN2 status were divided into two groups based on the location of the primary site and the zone of the metastatic mediastinal nodes, as shown in Table 1 . The patients with N2a-2 involvement were categorized as pN2a-2 in this study. The patients in whom N2a-2 nodes were free from metastasis but had involvement of the N2a-1 zone were categorized as pN2a-1. A single-station pN2 was defined as one station of the mediastinal lymph node involved, and a multiple-station pN2 was defined as more than one mediastinal station involved. The number of metastatic nodes both in the regional hilar and mediastinal nodes was used as the number of metastatic nodes.
All resected specimens underwent a pathological examination, and the pathological T factor was classified according to the 7th edition of the TNM classification described by the IASLC. The patients were followed-up every month during the first postoperative year and at 2-4-month intervals thereafter.
Statistical analysis
The overall survival (OS) was calculated from the day of the surgery to the known date of death according to hospital medical records. Disease-free survival (DFS) was defined as the time from the operation to the first event of either recurrence of disease or death. The patient was censored for DFS on the last date on which the medical records were available if the medical records did not show any evidence of recurrence or death. The OS and DFS were measured for each patient from the day of surgical treatment. The survival curves were estimated using the Kaplan-Meier method, and differences among them were evaluated by the log-rank test. The univariate and multivariate analyses were performed using the Cox proportional hazard model. Independent t-tests were used for two-group comparisons of continuous variables. The categorical data of the cross-tabulation tables were compared using Fisher's exact test. A value of P < 0.05 was considered to be significant. We used the R statistical package (www.r-project.org) for all of the analyses.
RESULTS
Thirty-two patients were classified into the pN2a-1 group, and 14 into the pN2a-2 group, as shown in Table 1 . The mean follow-up time was 43.9 months (range; 2-142 months).
Comparisons between the status of subgroups and the clinical characteristics in the patients are presented in Table 2 . The comparison between the present categorization ( pN2a-1/pN2a-2) and other subgroups categorized by the number of involved stations and the number of metastatic nodes is shown in Table 3 . These subgroups did not differ significantly in terms of age, gender, clinical N factor, location of the primary cancer, type of lymph node dissection, pathological T factor or status of adjuvant chemotherapy. There were no postoperative mortalities among these cases, and three patients with pN2a-1 status underwent adjuvant chemotherapy using concomitant carboplatin and paclitaxel. The proportions of patients with non-adenocarcinoma histology (P = 002), with multiple-station metastases (P < 0.01) with the involvement of 4 or more nodes (P < 0.01) and who underwent pneumonectomy (P < 0.01) were higher in the pN2a-2 group than in the pN2a-1 group. The 5-year OS rate and median survival time after surgery in all pN2 patients were 32% and 32.7 months (95% CI, 22.8-58.8), respectively, and those of DFS were 11.8% and 12.2 months, respectively (95% CI, 9.6-25.3). Figure 1 demonstrates the survival curves of the OS (Fig. 1A) and DFS (Fig. 1B) between the pN2a-1 and pN2a-2 subgroups. The 5-year OS rate and the median survival duration after surgery in the patients with pN2a-1 status were 21.9% and 57.7 months (95% CI, 28.8-99.8) and those in patients with pN2a-2 status were 7.1% and 12.8 months (95% CI, 8.2-33.7), respectively. Both the 5-year OS rate and the median survival after surgery were statistically significantly worse in the pN2a-2 patients (P < 0.01).
The 5-year DFS rate and the median survival duration of the patients with pN2a-1 status were 13.8% and 16 months (95% CI, 10.3-30.4), respectively, and those of pN2a-2 patients were 0.71% and 7.2 months (95% CI, 6.3-31.4), respectively, which were not significantly different (P = 0.06). Twenty-five (78%) of the pN2a-1 and 8 (57%) of pN2a-2 patients relapsed after surgery. With regard to the recurrence pattern, local recurrence, including pleuritis carcinomatosa and lymph node recurrence, occurred in 8 (32%) and 3 (38%) patients in the pN2a-1 and pN2a-2 groups, and distant metastasis occurred in 19 (76%) and 5 (62%) patients in these groups.
The joint effects of age, the pathological T factor, the type of pulmonary resection, the present categorization, number of metastatic stations and number of involved nodes were examined using a Cox regression analysis. Univariate analysis did not demonstrate that the number of involved mediastinal stations or the number of metastatic nodes was a significant prognostic factor (Table 4) . On the other hand, pN2a-2 classification and undergoing pneumonectomy were significantly associated with a shorter OS (hazard ratio, 3.11; P < 0.01 and hazard ratio 5.75; P < 0.01, respectively). Regarding the DFS, only undergoing pneumonectomy was a significant poor prognostic factor (hazard ratio, 2.84; P < 0.01). A multivariate analysis confirmed that the present categorization and type of pulmonary resection were the independent and significant factors predicting the OS (hazard ratio, 2.77; P = 0.03 and hazard ratio, 4.86; P < 0.01, respectively) and that pneumonectomy was an independent poor factor predicting the DFS (hazard ratio, 2.77; P = 0.02) ( Table 5) .
The OS and DFS of pN2a-1 patients were compared with those of pN1 (n = 44) patients during the same period. The 5-year OS and DFS rate of the pN1 patients were 51.9 and 43.5%, respectively. Regarding the OS, the prognostic difference between pN2a-1 and pN1 was not significant (P = 0.58). On the other hand, the DFS of pN2a-1 patients was significantly poorer than that of the pN1 patients (P = 0.035).
DISCUSSION
The prognosis of N2 NSCLC patients has remained poor, and most oncologists believe that surgery alone is not sufficient to cure patients with N2 disease. During the past decade, most patients with N2 have received perioperative chemotherapy to improve their survival. However, pN2 NSCLC is a heterogeneous population [6] , and in our analysis the 5-year OS rate of pN2 patients was 32%. It suggested that some cases can be cured by surgery alone, while others should be considered for more intensive treatments in order to potentially achieve a cure.
Some studies have shown that a single station of mediastinalnode metastasis was an acceptable prognostic predictor [7] , and Figure 1: (A) The overall and (B) DFS curves between the pN2a-1 and pN2a-2 groups. The overall survival was significantly better in pN2a-1 than pN2a-2 patients (P < 0.01), but there were no significant differences in the DFS (P = 0.06). In analysis of the overall survival, events occurred in 35 patients (22 in pN2a-1 and 13 in pN2a-2). In DFS analysis, there were 39 events (26 in pN2a-1 and 13 in pN2a-2).
another study demonstrated that the highest lymph node involvement, skip metastasis and single station involvement were associated with the prognosis [6] . Other reports have shown that single and skip mediastinal lymph-node involvement were predictors of better survival than multiple or both N1 and N2 metastases [8, 9] , and another suggested that an increased number of positive nodes was an indicator of a worse prognosis [10] . In this study, neither the number of mediastinal stations (single/ multiple) nor the number of involved nodes (less than 4/4 or more) was an independent prognostic factor in the univariate and multivariate analyses. Following the revision of the TNM classification proposed by the IASLC, a relationship between the involved zone and the patient prognosis has been reported recently. Zheng et al. [11] reviewed 413 cases with single-zone involvement and 207 with multiple-zone involvement, and reported that the number of metastatic nodes and the ratio of nodal metastasis were related to the prognosis in a multivariate analysis. Kim et al. categorized 217 patients with ipsilateral mediastinal metastasis divided by 'nodal zone' and reported that the single-zone metastasis group had a better OS and DFS than the multiple-zone group, even when multiple stations within a single zone had metastases [13] .
Regarding the relationship between the prognosis and the combination of the primary site and involved stations, Ichinose et al. [3] demonstrated that single-station metastasis was associated with a favourable prognosis when the primary cancer was located in the upper lobe, and the OS in N2 NSCLC patients was associated with the location of the primary tumour.
In this analysis, 59% of the pN2a-1 and 43% of the pN2a-2 patients had not been suspected to have mediastinal [14, 15] . However, some patients are still diagnosed as N2 after surgery. A recent meta-analysis of cisplatin-based adjuvant chemotherapy for NSCLC showed that the 5-year survival benefit in favour of chemotherapy was 5.3% [15] . Therefore, pN2 NSCLC patients, especially those with pN2a-2 status, whose estimated 5-year OS is only 7.1%, should be considered for more intensive therapeutic strategies after surgery. The limitations of this study were: (i) the node dissection and pathological diagnosis were based on Naruke's map, not the new nodal map proposed by the IASLC and JLCS and (ii) the sample size was limited, so we could not confirm the prognostic significance of the difference between pN2a-1 and pN2a-2 with regard to DFS. However, our findings indicate that 'Zone categorization' may be a useful tool to revise the sub-classification of pN2 NSCLC, and that it can contribute to the adequate selection of the optimal postoperative therapeutic strategy.
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